We use the ROSAT all sky survey X-ray cluster catalogs and the optical SDSS DR7 galaxy and group catalogs to cross-identify X-ray clusters with their optical counterparts, resulting in a sample of 201 X-ray clusters in the sky coverage of SDSS DR7. We investigate various correlations between the optical and X-ray properties of these X-ray clusters, and find that the following optical properties are correlated with the X-ray luminosity: the central galaxy luminosity, the central galaxy mass, the characteristic group luminosity (∝ L 0.43 X ), the group stellar mass (∝ L 0.46 X ), with typical 1-σ scatter of ∼ 0.67 in log L X . Using the observed number distribution of X-ray clusters, we obtain an unbiased scaling relation between the X-ray luminosity, the central galaxy stellar mass and the characteristic satellite stellar mass as log L X = −0.26+2.90[log(M * ,c +0.26M sat )−12.0] (and in terms of luminosities, as log L X = −0.15 + 2.38[log(L c + 0.72L sat ) − 12.0]). We find that the systematic difference between different halo mass estimations, e.g., using the ranking of characteristic group stellar mass or using the X-ray luminosity scaling relation can be used to constrain cosmology. Comparing the properties of groups of similar stellar mass (or optical luminosities) and redshift that are X-ray luminous or under-luminous, we find that X-ray luminous groups have more faint satellite galaxies and higher red fraction in their satellites. The cross-identified X-ray clusters together with their optical properties are provided in Appendix B.
1. INTRODUCTION Clusters of galaxies are the most massive virialized objects in the universe. Their abundance and spatial distribution are powerful cosmological probes (e.g., Majumdar & Mohr 2004; Vikhlinin et al. 2009b; Mantz et al. 2010a ). In addition, galaxy clusters provide extreme environments for studying the formation and evolution of galaxies within the framework of the hierarchical buildup of the most massive halos. One important property of clusters is that both their stellar and gas components are readily observable: their gravitational wells are deep enough to retain any energetic gas ejected from their member galaxies which can be observed in the optical and infrared. The intracluster medium (ICM) are also hot enough to be observable in X-ray. The observed thermodynamic state of the ICM is determined by the combined effects of shock heating during accretion, radiative cooling, feedback from stellar evolution (stellar winds and supernovae) and active galactic nuclei. The density, temperature, and entropy profiles of the ICM therefore carry important information regarding the entire thermal history of cluster formation. The hot ICM, with temperatures between 10 7 K and 10 8 K, emits X-rays in the form of thermal bremsstrahlung and atomic line emissions (e.g., Kellogg et al. 1971; Forman et al. 1971) . Since the X-ray emission is proportional to the gas density squared, X-ray selected clusters are more suitable than optically-selected clusters for mapping the spatial distribution of clusters as they suffer less from projection effects Jones & Forman 1999) . By assuming hydrostatic equilibrium between the intracluster gas and the cluster potential, one can also derive the gravitational mass of the cluster using density and temperature measurements provided by X-ray data.
Clusters have also been observed by other means in addition to X-ray: optical, infrared, radio, SunyaevZel'dovich effect and gravitational lensing. Among these, the most complete cluster samples to date are opticallyselected (e.g. Abell et al. 1989; Zwicky et al. 1961-68) and X-ray selected (e.g. Ebeling et al. 1998; Böhringer et al. 2000) . To synthesize the benefits of both X-ray and optical observations of galaxy systems, it is useful to relate the X-ray systems to optically selected groups and clusters. Numerous studies have cross-identified optical groups or clusters with X-ray clusters, or vice versa, in order to compare their optical and X-ray properties (e.g., Bahcall 1977; Edge & Stewart 1991; Donahue et al. 2001 Donahue et al. , 2002 Yee & Ellingson 2003; Mulchaey et al. 2003; Gilbank et al. 2004 ). Most of these earlier studies, however, were severely hampered by the lack of large samples with uniform observations in both passbands. The situation improved dramatically with the completion of a number of large surveys. In recent years, with the great advance in optical surveys, especially with the advent of the Sloan Digital Sky Survey (SDSS), more and more effort has been made to characterize the X-ray properties of optically selected clusters (e.g., Mulchaey et al. 2003; Rykoff et al. 2008a,b; Rozo et al. 2009a,b; Hansen et al. 2009; Hao et al. 2010 ). In particular, Popesso et al. (2004) cross correlated the X-ray clusters from the ROSAT All-Sky Survey (RASS; Voges et al. 1999) with optical data from the SDSS data release 1 (DR1), resulting in a sample of 114 clusters with both X-ray and optical data.
Although X-ray selection is arguably the most reliable method to select clusters, X-ray selection typically has a low efficiency. In fact, a significant fraction of optically detected clusters falls on the general scaling relation between optical luminosity and virial mass (inferred from, for example, the velocity dispersion of the member galaxies), but is undetected in the X-ray (i.e., does not follow the scaling relation between X-ray luminosity and virial mass). This has given rise to the notion that there exists a genuine population of clusters that are X-ray underluminous (e.g., Castander et al. 1994; Lubin et al. 2004; Popesso et al. 2007; Castellano et al. 2011; Balogh et al. 2011) . In addition to simply cross-correlating optical and X-ray catalogs, one can also use stacking techniques. Dai, Kochanek & Morgan (2007) used a NIR selected sample of ∼ 4000 nearby ( z ∼ 0.02) galaxy clusters selected from the Two Micron All Sky Survey (2MASS) using a matched filter algorithm (Kochanek et al. 2003) , and probed their X-ray properties by stacking X-ray data from the RASS. A similar approach was taken by Rykoff et al. (2008a,b) , who used as their input catalog the large maxBCG sample of 14,000 clusters ( z ≃ 0.23) selected from the photometric SDSS data (Koester et al. 2007a,b) . Although these stacking techniques are extremely powerful for determining the average scaling relations between optical and X-ray properties, they contain little to no information regarding the corresponding scatter.
Note that the optical clusters so far are mainly extracted from the photometric data. These photometric samples are quite complete for most massive clusters, (which have the most constraining power as cosmological probes), and they are much deeper than those based on spectroscopic data. However, their galaxy members are not well constrained. In this paper, we use the SDSS DR7 group catalogs of Yang et al. (2007) , which are constructed from the SDSS spectroscopic data (Abazajian et al. 2009 ). These catalogs provide us with galaxy groups that have reliable galaxy memberships which are important in probing the halo occupation distribution (HOD) statistics and galaxy formation models. (e.g. Yang et al. 2008; . The SDSS DR7 group catalogs also span a large halo mass range, from rich clusters to isolated faint galaxies, allowing us to investigate the X-ray luminosity and hot gas distribution not only in massive clusters but also in relatively small halos.
As the first paper in a series, we focus on the crossidentification between the optical galaxy groups with existing X-ray cluster catalogs, e.g. the ROSAT X-ray clusters from the NASA/IPAC Extragalactic Database (NED; see Section 2.2 for their original references). Some straightforward comparisons between the optical and Xray properties of these clusters are investigated. We will address the more specific probes of the galaxy properties in the X-ray clusters and the X-ray properties around the optical groups in forthcoming papers. This paper is organized as follows. In Section 2, we briefly describe the group samples of Yang et al. (2007) for SDSS DR7 and our extraction and treatment of the X-ray cluster samples. In section 3, we present the selection criteria for matching groups with X-ray clusters. The correlation between the X-ray and optical properties are investigated in section 4. The properties of groups with and without strong X-ray emissions are compared in Section 5. Finally, we present our conclusions in section 6. Throughout this paper, we use the ΛCDM cosmology whose parameters are consistent with the 7-year data release of the WMAP mission: Ω m = 0.275, Ω Λ = 0.725, h = 0.702, and σ 8 = 0.816, where the reduced Hubble constant, h, is defined through the Hubble constant as H 0 = 100h km s −1 Mpc −1 (Komatsu et al. 2011 ).
2. DATA 2.1. The SDSS DR7 Galaxy and Group catalogs The optical data used in our analysis is taken from the SDSS galaxy group catalogs of Yang et al. (2007; hereafter Y07) , constructed using the adaptive halo-based group finder of Yang et al. (2005a) , here updated to Data Release 7 (DR7). The related galaxy catalog is the New York University Value-Added Galaxy catalog (NYU-VAGC; Blanton et al. 2005b ) based on SDSS DR7 (Abazajian et al. 2009 ), which contains an independent set of significantly improved reductions. DR7 marks the completion of the survey phase known as SDSS-II. It features a spectroscopic sample that is now complete over a large contiguous area of the Northern Galactic cap, closing the gap which was present in previous data releases. From the NYU-VAGC, we select all galaxies in the Main Galaxy Sample with an extinction-corrected apparent magnitude brighter than r = 17.72, with redshifts in the range 0.01 ≤ z ≤ 0.20 and with a redshift completeness C z > 0.7. The resulting SDSS galaxy catalog contains a total of 639, 359 galaxies, with a sky coverage of 7748 square degrees. Note that a very small fraction of galaxies in this catalog have redshifts taken from the Korea Institute for Advanced Study (KIAS) ValueAdded Galaxy Catalog (VAGC) (e.g. Choi et al. 2010) 6 . Following Y07, three group samples are constructed from the corresponding galaxy samples: Sample I, which only uses the 599, 301 galaxies with measured r-band magnitudes and redshifts from the SDSS; Sample II, which includes in addition 3269 galaxies with SDSS rband magnitudes but with redshifts taken from alternative surveys; and Sample III, which includes an additional 36, 759 galaxies that do not have redshift measurements due to fiber collisions, but are assigned the redshifts of their nearest neighbors. Although the fibercollision correction works well in roughly 60 percent of the cases, the assigned redshifts of the remaining 40 percent can be very different from their true values (Zehavi et al. 2002) . In this study, in order not to miss any potential group members for cross-identification, we use the group catalogs of Sample III. For completeness, two sets of group catalogs were constructed: one in which we use the Petrosian magnitudes of the galaxies, and the other in which we use the model magnitudes (Yang et al. 2012 in preparation). In total there are 474, 085 groups based on Petrosian magnitudes and 472, 673 groups based on model magnitudes. Among these groups about 23, 700 have three member galaxies or more. In this paper we use the group catalog based on the model magnitudes. We have tested, though, that using the group catalog based on the Petrosian magnitudes does not affect any of our results in any significant way.
Following Y07, for each group in the catalog, we estimate the corresponding halo mass using the ranking of its characteristic stellar mass, defined as the total stellar mass of all group members with 0.1 M r − 5 log h ≤ −19.5. Here the halo mass function obtained by Tinker et al. (2008) for WMAP7 cosmology and ∆ = 200 is used in our calculation, where ∆ is the average mass density contrast in the spherical halo. We indicate the group mass thus obtained by M G , where the letter 'G' is used to indicate that it has been obtained from the optical group catalog. Note that groups whose member galaxies are all fainter than 0.1 M r − 5 log h = −19.5 cannot be assigned a halo mass with this method. For these systems, one could in principle use the relation between halo mass and the stellar mass of the central galaxy obtained by Yang et al. (2011) to estimate their halo masses. However, since our main focus is on the cross identification of X-ray clusters with optical groups, which are in general quite massive, we do not require halo masses for these groups.
The halo masses M G thus assigned to the groups are calibrated to correspond to M 200 , the mass of the halo defined so that it has an average overdensity of 200. Along similar lines, we define the 'virial radius' of the group as r 200 , which is given by
where z G is the redshift of the group (i.e., the average redshift of the group members). Tests with detailed mock galaxy redshift surveys have shown that the statistical error on M G is of the order of 0.3 dex (see Y07 for details).
The X-ray Cluster Catalogs
The main aim of this paper is to cross-identify the optically selected groups and clusters (described above) with X-ray selected cluster samples and to study the correlations between X-ray and optical properties. For this purpose, we use the ROSAT catalogs at the broad band 0.1-2.4 keV as our primary input sample of X-ray clusters. In particular, we combine the following ROSAT cluster samples: the ROSAT Brightest Cluster Sample (BCS) and their low-flux extensions compiled by Ebeling et al. (1998 Ebeling et al. ( , 2000 , and the Northern ROSAT AllSky (NORAS) and ROSAT-ESO Flux Limited X-ray (REFLEX) samples compiled by Böhringer et al. (2000 Böhringer et al. ( , 2004 . Within these catalogs, the BCS (Ebeling et al. 1998) and completeness f X ≃ 75 percent. The NORAS cluster sample (Böhringer et al. 2000 ) has a flux limit F X ∼ 1.0 × 10 −12 erg cm −2 s −1 and flux completeness f X ≃ 50 percent with respect to REFLEX 7 at δ ≥ 0 • and |b| ≥ 20
• . And finally, the REFLEX sample , which covers 4.24 steradians in the southern sky, has flux limits F X ≥ 3.0 × 10 −12 erg cm −2 s −1 and completeness f X ≥ 90 percent.
These four catalogs combined contain a total of 1138 unique sources (see the NED website 8 ), with information on the rest-frame X-ray luminosity (K-correction applied; e.g. Böhringer et al. 2004 ) and gas temperature (mostly estimated from the X-ray luminosity) listed for each of the sources. However, 213 entries in this raw, combined X-ray cluster sample are duplicates, implying a total sample of 925 unique sources, many of which have already been cross-identified with Abell or Zwicky clusters in NED. For duplicate clusters, we take the ones with the most up-to-date information for their characteristic quantities. Throughout, we use L X , T X , M X , R X , to denote the X-ray luminosity, gas temperature, halo mass and halo radius for each X-ray cluster, where M X and R X are defined later in Eq. 3. These quantities are quoted in units of 10
As a first step of our cross identification we remove those X-ray clusters that are located outside the sky area and redshift range covered by the SDSS DR7. For each X-ray cluster we adopt the right ascension, declination, and redshift, z, recommended by the NED website, unless the information provided by NED is incomplete, in which case we use the data from the most recent documentation. Only clusters with 0.01 ≤ z ≤ 0.20 and with a SDSS redshift completeness of C z > 0.7 at the cluster's center are kept. This results in a sample of 217 unique X-ray clusters. As a final selection criterion, we follow Y07 and remove all X-ray clusters that suffer significantly from an edge effect (i.e., are located close to one or more boundaries of the SDSS survey volume), which leaves a sample of 207 unique sources.
Throughout this paper, if not specified otherwise, we use the subscripts 'g', 'G' and 'X' to refer to quantities for galaxies, optical groups and X-ray clusters, respectively.
MATCHING OPTICAL GROUPS WITH X-RAY
CLUSTERS VIA CENTRAL GALAXIES Since we have only 207 X-ray clusters, we decide to use simple eyeball checks to make the cross-identification with optical groups. Our criterion to cross-identify X-ray clusters with optical groups is based on their common central galaxies.
To find the central galaxies for our sample of 207 X-ray clusters, we make use of the SDSS skyserver to extract an optical image around each X-ray cluster. In each of these images we first find the brightest galaxy according to its apparent r-band magnitude provided by the skyserver within a 7 arcmin radius from the center of the X-ray cluster 9 . If this galaxy is red [with 0.1 (g − r) > 0.8]
7 Note that this value is estimated in the 9 h − 14 h region. 8 http://nedwww.ipac.caltech.edu/ 9 Since different X-ray source characterization techniques were used by Ebeling et al. (1996 Ebeling et al. ( , 1998 Ebeling et al. ( , 2000 ; Voronoi tessellation and percolation, VTP) and Böhringer et al. (2000 Böhringer et al. ( , 2004 ; Growth curve analysis, GCA), the position difference from different references can be as large as ∼ 5 arcmins for a given source and has an offset smaller than 2 arcmins from the Xray cluster position obtained from Ebeling et al. (1998 Ebeling et al. ( , 2000 and Böhringer et al. (2000 Böhringer et al. ( , 2004 , it is regarded as the central galaxy of the cluster. This criterion follows that of Allen et al. (1992) and Crawford et al. (1995 Crawford et al. ( , 1999 who showed that the bright central galaxy is usually found within 1-2 arcmin of the centroid of the X-ray emission of the cluster. About 170 clusters in our final catalogue are found in this catagory. For all the other X-ray clusters, where the brightest galaxies have offsets 2 arcmins from the ROSAT X-ray cluster positions, we make use of high-resolution X-ray images from e.g. ROSAT/PSPC, ROSAT/HRI, XMM-Newton and Chandra when available, or from previous identifications (e.g. Crawford et al. 1995 Crawford et al. , 1999 . About 20 central galaxies are identified with the high-resolution X-ray images, and the remaining ∼ 10 are based on previous identifications (see the notes on individual sources in Table 1 ). An exception is RXC J1554.2 +3237 for which no bright and red galaxy is found within 10 arcmins from the X-ray cluster center. This cluster is therefore removed from our sample. Close inspection shows that large offsets mainly come from (i) multiple maxima in the X-ray images, e.g. the X-ray cluster position is located between the 2 maxima of the X-ray emission; (ii) very extended sources for which the uncertainty in the position of the X-ray maximum is very large; and (iii) low resolution of RASS for which the 2 pixel offset along pixel's diagonal line is larger than 2 arcmins.
As a further check of the reliability of our central galaxy identification, we overlay the X-ray contour of each cluster on the optical image. We find that the central galaxy is in general located close to the X-ray flux maximum. In fact, for each of the 90 clusters where highresolution (with pixel sizes about one arcsecond and position error about a few arcseconds) X-ray data are available from the Chandra and/or XMM-Newton databases, we find that the peak of the X-ray emission is almost exactly (≤ 5 arcsec) centered on the 'central galaxy' that we have identified using the method described above. In summary, among all the X-ray clusters that are identified with central galaxies, about 170 have < 2 arcmin offsets from the X-ray cluster positions, about 30 have > 2 arcmin offsets, and only 2 have offsets larger than 7 acrmins. For the last two cases, the X-ray distributions are very extended. The offsets between the central galaxies and the X-ray cluster positions are provided in Appendix B.
Although NED provides redshifts for all X-ray clusters in our sample, these are not always reliable. For example, for clusters for which no spectroscopic redshift information is available, Ebeling et al. (1996; 1998; assign a redshift to the X-ray cluster based on the magnitude of the tenth brightest galaxy (cf., Abell 1958; Corwin 1974; Abell et al. 1989; Peacock & West 1992) . Since each of the X-ray clusters in our sample is linked to a central galaxy, we can use the spectroscopic SDSS galaxy catalog to obtain improved redshifts for these X-ray clusters. Unfortunately, because of fiber collisions, which are relatively frequent for galaxies in high-density regions such as clusters, spectroscopic redshifts are only available for ∼ 75 percent of the central galaxies in our sample of Xray clusters. For the remaining ∼ 25 percent the redshifts are obtained using the redshifts of the nearest (or the second, third, ..., nearest) galaxies close to the central galaxies 10 . Both the original and updated redshift for each X-ray cluster are provided in Appendix B. For the updated one we indicated whether it corresponds to the spectroscopic redshift of the central galaxy (ztype= 1) or whether it has been estimated from the neighboring galaxies (ztype= 2). In 204 of the 206 cases the updated redshift agrees with the original redshift to better than ∆z = 0.02. Throughout this paper we use our updated redshifts, and all related quantities, such as L X , M X , and R X have been updated accordingly. Starting from the central galaxies associated with the X-ray clusters, we look into the SDSS DR7 group catalog for the cross-identified galaxy groups. We find that not all the central galaxies in the X-ray clusters are the most massive galaxies (MMG) in their respective groups. About 20 (10%) of the X-ray clusters have galaxies more massive than the centrals and which are offset from the X-ray center by more than 7 arcmins. This is in agreement with other studies; for example, , using 62 galaxy clusters in the HIghest X-ray FLUx Galaxy Cluster Sample (HIFLUGCS; Reiprich & Böhringer 2002) , have shown that the brightest galaxy in the cluster has a lognormal offset from the X-ray fluxweighted center with a mean value of about 10kpc and a 10-based logarithmic scatter of 0.55 (see also Skibba et al. 2011 and references therein) . In what follows, we will use subscripts 1 and c to refer to the most massive galaxies and the central galaxies, respectively (e.g., in case of the luminosities we will use L 1 and L c ).
As a final step of our cross-identification, we check for duplicates (clusters that are cross-identified with the same central galaxy) and pairs of merging clusters (clusters that are cross-identified with the same optical group, but with different central galaxies), as outlined in Appendix A. In both cases we remove the smaller of the two clusters from our sample. This results in a final sample of 201 X-ray clusters with an optical cross-identification in our SDSS DR7 group catalog. As an illustration, Fig. 1 shows the distribution of these X-ray clusters on the sky overlaid on the distribution of galaxies in the SDSS DR7. Before we proceed with studying the correlations of their X-ray and optical properties, we point out that many of the rich optical clusters/groups in our group catalog are not associated with any existing X-ray cluster entries. We will address this issue in detail in Section 5.
CORRELATION BETWEEN THE X-RAY AND
OPTICAL PROPERTIES Now that we have cross-identified the X-ray clusters with optical groups, we proceed by examining various (possible) correlations between the X-ray and optical properties of the X-ray clusters.
The General Correlations
The optical properties to be investigated in this subsection include the characteristic luminosity L G and stellar mass M st of the group/cluster, defined as the total luminosity and total stellar mass of all member galaxies with 0.1 M r − 5 log h ≤ −19.5, respectively (see Y07 for more galaxies, if its nearest neighbor is an isolated blue galaxy, we suspect this galaxy has been assigned a wrong redshift. In that case we update its redshift with that of the second (or third, etc.) nearest galaxy with red colors, and with a few more galaxies at the same redshift, i.e. the most possible redshift for the cluster. detail). In addition, we will also consider the following properties of their central galaxies: the r-band luminosity L c , the stellar mass M * ,c , the 0.1 (g − r) color, and the concentration index c = r 90 /r 50 11 . We examine if there are any correlations between these properties and the X-ray cluster luminosity L X .
We first examine the distributions, as a function of X-ray cluster luminosity, of the stellar mass and luminosity of the central galaxies. The results are shown in the upper row panels of Fig. 2 : left panel is for the stellar mass and right panel for the luminosity. There are clear correlations between these quantities. To quantify these correlations, we use a least square linear regression method in the log-space to obtain the regression lines. Here we did not take into account measurement errors in L X and M * ,c (or L c ) as they are much smaller than the scatter among different clusters. The same weight is assigned to each cluster in the fitting. The best-fit lines are shown as the solid lines, together with their parameters, in the corresponding panels. For both relations the correlation coefficient is about 0.63. As an illustration, we also show as the short-dashed lines the ±1σ scatter of the distributions with respect to the best fit lines. For fixed L X , the 1σ scatter is ∼ 0.20 dex and ∼ 0.18 dex in M * ,c and L c , respectively. For fixed M * ,c (L c ), the scatter in L X is ∼ 0.20/0.30 = 0.67 dex (0.18/0.27 = 0.67 dex). Despite the relatively large scatter, there is a clear trend that clusters with brighter X-ray luminosities have central galaxies that are more massive and more luminous. The correlation slope between the stellar mass (luminosity) of the central galaxies and the cluster X-ray luminosity is ∼ 3.5. However, since the X-ray cluster sample is flux limited, the correlations may be affected by the Malmquist bias. We will come back to this issue in Section 5.1.
Next we check the distributions of the 0.1 (g − r) color and the concentration index, c, of the central galaxies, again as a function of X-ray cluster luminosity. The distributions are shown in the lower panels of Fig. 2 . Clearly, the majority of central galaxies in X-ray clusters are red and of early-type (relatively large concentration parameters). Here, we did not see any obvious correlation between the color (or concentration) and the X-ray luminosity of the cluster.
Apart from those properties of central galaxies, we proceed to investigate the properties of groups. We show in the upper panels of Fig. 3 the distributions of the characteristic stellar mass (M st ; upper left-hand panel) and the characteristic luminosity (L G ; upper right-hand panel) as a function of L X . Similar to the case of the central galaxy, we see a clear positive correlation between the group stellar mass (luminosity) and its X-ray luminosity. Using the same algorithm for central galaxies, we fit the regression lines for the groups. The results are shown in the upper panels of Fig. 3 as solid lines. The slopes of the best-fit lines are somewhat smaller (∼ 2.5) than in the case of the stellar mass/luminosity of the central galaxy.
Here again, we show using the short-dashed lines the ±1σ statistical scatter of the distributions with respect to the best fit lines. The 1σ scatters are about 0.29dex in M st and L G for a given L X , or 0.29/0.46 = 0.63dex Finally, we check the distributions of the stellar mass and luminosity gaps between the first and second most massive (luminous) galaxies. The results are shown in the lower-left and lower-right panels in the middle row of Fig. 3 , respectively. As discussed in D'Onghia et al. (2005) and Milosavljević et al. (2006) this gap statistic quantifies the dynamical age of a system of galaxies: haloes with a small gap must be relatively young, as dynamical friction will cause multiple luminous galaxies in the same halo to merge on a relatively short time scale. Evidently, there is no obvious correlation between the stellar mass gap or luminosity gap and the cluster's X-ray luminosity. Furthermore, a comparison with the distributions of the luminosity and stellar mass gaps in massive groups presented in Yang et al. (2008) , shows that the X-ray clusters have gaps that are in excellent agreement with those expected for haloes with M h 10 14 h −1 M ⊙ (see also . Hence, there is no indication that the magnitude of the luminosity and/or stellar mass gaps are in any way correlated with X-ray luminosity.
In the literature, the luminosity gap has often been used to define a "special population" of galaxy groups, called "fossil groups", which are defined as having an Rband luminosity gap log L 1 − log L 2 > 0.8 (e.g. Ponman et al. 1994) . These fossil groups are usually dominated by one central early-type galaxy, and a bright extended X-ray halo with a cooling time that is long enough for its bright satellite galaxies to have merged away (i.e., to have been cannibalized or disrupted by the central galaxy). Among our 201 X-ray clusters, only 2 fall in this category (the clusters with the sequence numbers 46 and 73 in Appendix B). In addition, there are 3 clusters in our sample that have no satellite galaxies above the apparent magnitude limit r = 17.72 (not observed since L 2 < L limit ), which might be fossil groups as well. Their gaps are plotted as lower limits (upward pointing arrows) using L 2 = L limit . Note that all five potential fossil groups in our sample have relatively high X-ray luminosities, suggesting either (i) that they reside in relatively massive haloes, or (ii) that their X-ray luminosity is a poor indicator of their halo mass. Unfortunately the sample is too small to draw any meaningful conclusions. Nevertheless, as the X-ray clusters are of quite different gap distributions, we will check in more detail the galaxy properties (e.g., the star formation rate, etc.) in X-ray clusters within different gap regions in a future probe. 
MMGs are central galaxies MMGs are not central galaxies log(M X )=log(M G )+0.16 (for WMAP 7) Fig. 4. -The X-ray cluster mass log M X v.s. the cross identified group mass, log M G . Here results are shown for X-ray clusters in which the most massive galaxies are (solid symbols) or are not (open symbols) central galaxies. To check their large scale environments, the X-ray clusters are divided into 4 subsamples (A1-D1) according to log M G using the three vertical dashed lines shown in the plot. For comparison, we also divide the X-ray clusters into 4 subsamples (A2-D2) according to log M X , each containing exactly the same number as the corresponding subsample in A1-D1.
In this section we compare two different methods to estimate the halo masses of the X-ray clusters in our sample. The first method is the one presented and tested in Y07, and uses abundance matching to infer a halo mass for each group in the SDSS group catalog, under the assumption of a one-to-one (i.e., zero scatter) relation between halo mass and either L G or M st . As shown in Yang et al. (2005a) and Y07, the typical uncertainty in the resulting halo mass (hereafter M G ) is at the level of σ log MG ∼ 0.3. However, since the majority of the groups contain only one or two members, if we restrict to groups with at least 3 members 12 , the resulting uncertainty is about σ log MG ∼ 0.25. The second method that we consider in this section is the hydrodynamical mass, M X , inferred from the X-ray emission under the assumption that the cluster is in hydrostatic equilibrium. In what follows we convert all halo masses to the same definition, namely the mass inside a spherical volume of radius r 200 , inside of which the average density is 200 times the background density of the Universe. By construction, the masses M G are already consistent with this definition.
The hydrodynamical mass, M X , requires accurate measurements of the radial temperature profile of the 12 Among 201 groups that are matched with the X-ray clusters, 197 have at least 3 members.
ICM. Since such data is only available for a tiny fraction of the 201 X-ray clusters in our sample, we use a statistical method instead, based on the average L X − M X relation (e.g. Reiprich & Böhringer 2002; Stanek et al. 2006; Vikhlinin et al. 2009; Leauthaud et al. 2010; Arnaud et al. 2010 ) . Since we focus only on low-redshift (0.01 ≤ z ≤ 0.2) X-ray clusters, with rest-frame X-ray luminosities measured in the broad ROSAT passband (0.1-2.4 keV), we use the L X -M X relation of . By investigating the regularity of cluster pressure profiles with REXCESS ) for a representative sample of 33 local (z < 0.2) clusters, and with the help of N -body/hydrodynamical simulations, Arnaud et al. (2010) obtained the following X-ray luminosity-mass scaling relation,
where log(C) = 0.193, and α = 1.76. M 500c is the halo mass of the X-ray cluster within radius r 500c whose average mass density is 500 times the critical mass density of the Universe, and L 500c is the total X-ray luminosity within r 500c . This fitting formula has an intrinsic scatter in the log-log plane of σ log M500c = 0.199. Note that the X-ray luminosity L X used in this paper is the total luminosity without cluster core exclusion. Piffaretti et al. (2010) employed an iterative algorithm to calculate L 500c for sources with available aperture luminosities L ap , and found L 500c /L X = 0.91 for the total X-ray luminosities. With this transformation, we can obtain M 500c and r 500c for an X-ray cluster with given L X . The final step is then to convert M 500c to M 200 , for which we use the relations
where we have assumed that dark matter have a NFW density profile (Navarro et al. 1997 ) with concentration parameters given by the concentration-mass relation of Maccio et al. (2007) . Note that we have not made a distinction between cool-core and non cool-core systems.
As shown in Pratt et al. (2009) , the L X -M X relation for cool-core clusters has a systematically higher normalization than non cool-core systems. We will come back to this in a forthcoming paper by probing the optical properties of galaxies in cool-core and non cool-core systems. Fig. 4 plots the hydrodynamic mass M X versus the group mass M G . There is a clear correlation between these two sets of halo masses, with a lognormal scatter at the level of σ log MX ∼ 0.25. This is perhaps due to mixing of cool-core and non cool-core clusters in the sample. For comparison, results are shown separately for X-ray clusters for which the most massive galaxies are (solid dots) and are not (open circles) central galaxies. There is a hint that X-ray clusters with none central MMGs are slightly more massive in terms of group mass M G .
To check if there is any systematic difference between these two sets of halo mass measurements, we again fit using the least square linear regression method with only 1 free parameter, ∆ log M to obtain the best fit log M X = ∆ log M +log M G relation. The result is shown in Fig. 4 as the solid line. Here we see small but noticeable systematic difference between the two sets of halo masses. Note that the halo masses obtained in Y07 are based on the abundance matching method where the halo mass function of given cosmology (WMAP7 in this paper) is used. Thus obtained halo masses are quite sensitive to the cosmological parameters. In case the M X provided by the X-ray scaling relation is reliable, the systematic difference can be straightforwardly used to probe the cosmology. For instance, here the slightly underestimated systematic difference for M G may indicate that the data require the slightly larger Ω m and/or σ 8 than WMAP7. And of cause, to carry out reliable constraints along this line, more detailed error analyses are needed.
Distribution of Galaxies inside and around X-ray
Clusters As a general check of the X-ray cluster masses M G and M X , we make use of the fact that, in CDM cosmologies, more massive haloes are more strongly clustered (e.g., Mo & White 1996) . Hence, if our mass indicators are reliable, we should find that haloes with larger M X or M G are located in denser environments. We can check this using the distribution of galaxies in the cluster outskirts. To do so, we proceed as follows. We first divide our sample of 201 X-ray clusters in four subsamples (A1-D1) according to their assigned mass M G , and in another set of four subsamples (A2-D2) according to their assigned mass M X . The samples are indicated in Fig. 4 as horizontal and vertical dot-dashed lines.
Since the typical velocity dispersion of cluster galaxies is ∼ 1000km s −1 , we measure the surface number density of galaxies in and around X-ray clusters as a function of the projected distance
using the following criterion:
Here c is the speed of light, while (z g , r g , d g ) and (z X , r X ,d X ) are the redshifts, co-moving coordinates, and comoving radial distances from the observer, of the galaxy and the X-ray cluster (i.e., its central galaxy) in question.
To avoid potential inhomogeneities caused by Malmquist bias, we use a volume-limited galaxy sample with 0.1 M r − 5 log h ≤ −21.27. Fig. 5 shows the resulting galaxy surface number densities, Σ gal (r p ) for the X-ray clusters in the four subsamples (A1-D1) of mass M G (left-hand panel) and the four subsamples (A2-D2) of mass M X (right-hand panel). In each panel the vertical arrow indicates the average halo radius, r 200 , of the X-ray clusters in consideration. On small scales (r p r 200 ), the signal is dominated by galaxies that reside in the dark matter halo of the cluster. To show this we determine the '1-halo' term by simply computing the average projected surface number density of all galaxies that belong to the X-ray clusters in each bin according to the Y07 group catalog. These are shown as the dotted histograms in Fig. 5 , and, as expected, nicely overlap with Σ gal (r p ) on small scales. Note that in the two most massive bins (D1 and D2) these 1-halo terms are somewhat larger than Σ gal (r p ), which is a result of our cut in redshift space (criterion [5] ). We fit the 1-halo term profiles with a projected NFW model (Eq. 7 in Yang et al. 2005a) , and the results are also plotted in Fig. 5 as the dashed curves. The concentration parameters c thus obtained are indicated in each panel. Compared to theoretical predictions for the concentration parameters of dark matter haloes (e.g., Zhao et al. 2009 ), these best fit concentrations c are somewhat lower, suggesting that satellite galaxies have a number density distribution that is less centrally concentrated than the dark matter. Although in qualitative agreement with other studies (e.g., Lin et al. 2004; Collister & Lahav 2005; Yang et al. 2005b; Chen 2008; More et al. 2009 ), we caution that, because of interlopers and other selection effects, a more quantitative measure of the true concentration of the number density distribution of satellite galaxies requires a more careful analysis (e.g. Yang et al. 2005b; Chen 2008) .
At large projected radii (r p r 200 ) the galaxy surface number densities, Σ gal (r p ), flatten over to roughly constant values. A comparison with the 1-halo terms shows that this reflects the distribution of galaxies in the direct surroundings of the clusters. Since all surface number density profiles are obtained using the same volume limited sample of galaxies, the ratios between the large-scale surface number densities are directly proportional to the ratios of the biases of the X-ray clusters in the different subsamples. We show in Fig. 6 the average galaxy surface number densities within 2.5h −1 Mpc < r p < 5h −1 Mpc as a function of halo mass, M G (solid squares) or M X (open squares). Clearly, more massive clusters have higher galaxy surface number density, indicating that they reside in denser environments (i.e., are more strongly biased). For comparison, the solid line in Fig. 6 is the halo bias predicted by Sheth et al. (2001) , properly shifted in the vertical direction to match most of the data points. Clearly, the data and model prediction agree remarkably well, for both M G and M X .
GROUPS WITH AND WITHOUT STRONG
X-RAY EMISSION Having discussed various optical and X-ray correlations for the groups that are linked with X-ray clusters, we now focus on groups of comparable masses (M G ) but lacking strong X-ray emission (i.e., for which no measurement of L X is available). Although both samples have the same sky coverage and lie in the same redshift range, many groups fall in this category even the richest ones. There are of cause various survey selections, e.g. in the X-ray fluxes, in the bright star mask, etc., that prevent us from getting a complete X-ray cluster catalogue. The number is much larger than those completeness values quoted in e.g. Ebeling et al. (2000) .
In this section, we investigate the possible Malmquist bias induced by the limiting flux in the RASS observation, and probe whether the groups and clusters with strong X-ray emission have different galaxy populations from those of the same optical component but without strong X-ray emission.
Unbiased scaling relations
As shown in Section 4.1, M * ,c , M st , L c and L G are all strongly correlated with L X , albeit with relatively large scatter. And we did not find strong correlations between L X with other optical properties, e.g, the color and concentration of the central galaxies, the magnitude and luminosity gaps between the first and second most massive (luminous) galaxies, etc. Note also these relations are probed based on a small set of observed X-ray clusters. Because of the quite shallow flux limit of the RASS, the relations we obtained among them might suffer from the Malmquist bias. Here we try to find the unbiased scaling relations between M * ,c , M st (or L c , L G ) and L X , assuming that the groups not observed in X-ray, apart from other selections like the bright star mask, are mainly due to the flux limit in the RASS observation.
In literature, there are claims about the existence of a genuine population of clusters that are X-ray underluminous (e.g., Castander et al. 1994; Balogh et al. 2011) . However, as pointed out in a recent paper by Andreon & Moretti (2011) using Swift 1.4 Ms X-ray observations, there is no distinct populations of X-ray clusters, although the scatter in the X-ray luminosity is large. Therefore, the X-ray underluminous groups in our catalogue are expected to be systems whose X-ray luminosities are at the lower end of the scatter. As the optical group sample is more complete than the X-ray sample, we can use the observed number of X-ray clusters to constrain the true scaling relations and their scatter, in a manner that is not affected by Malmquist bias. To this end, we first measure the differential number distributions of X-ray clusters with respect to X-ray luminosity (N (L X )), redshift (N (z)) and X-ray flux (N (F X )), respectively. These number distributions are obtained with the survey completeness of the X-ray clusters properly taken into account and with only X-ray clusters brighter Figs 2 and 3) . The small dots show the distributions of all galaxy groups whose X-ray luminosities are assigned using the scaling relations (Eqs. 6 and 7). The curves are the resulting average log L X as a function of stellar mass or luminosity in consideration. than 3.0 × 10 −12 erg cm −2 s −1 and redshift z ≤ 0.1 being used. Here every X-ray cluster is counted with a weight 1/c/f sky where c is the completeness factor and f sky is the relative sky coverage with respect to the SDSS DR7 in consideration. The results are shown in Fig. 7 as open squares with (Poisson) errorbars. These measurements are then used to constrain the unbiased scaling relations.
Since the characteristic stellar mass (luminosity) and the stellar mass (luminosity) of central galaxy are not independent variables (the latter is included in the former), we use the characteristic stellar mass (luminosity) of satellite galaxies, defined as
, to replace M st as the third quantity in our scaling relation analysis. Assume that the X-ray luminosity depend on the stellar masses of the centrals and satellites as
with lognormal scatter σ, and on the luminosities of the central and
with lognormal scatter σ ′ . We apply these models to all of our galaxy groups. The resulting X-ray luminosities are then properly converted into X-ray fluxes in the observed band taking into account the luminosity distances and negative average K corrections assuming an average X-ray temperature 5.0keV . From this 'X-ray group catalogue', we calculate the same quantities as shown in Fig. 7 with respect to X-ray luminosity (N (L X )), redshift (N (z)) and X-ray flux (N (F X )), respectively. Here taking into account the scatter in log L X of the observed X-ray clusters, we set σ = σ ′ = 0.67. Thus obtained data, together with those direct measurements from the observed X-ray clusters, are used to constrain the scaling relations. The goodness-of-fit of each model is described by its χ 2 value defined by
HereN and ∆N are the observed average number distribution and error of X-ray clusters, respectively. To obtain the best fit and the freedom of the model parameters, we follow Yan, Madgwick & White (2003; see also van den Bosch et al. 2005 ) and use a Monte-Carlo Markov Chain (hereafter MCMC) to fully describe the likelihood function in our multi-dimensional parameter space. We start our MCMC from an initial guess and allow a 'burn-in' of 1000 random walk steps for the chain to equilibrate in the likelihood space. At any point in the chain we generate a new trial model by drawing the shifts in its three free parameters from three independent Gaussian distributions. The probability of accepting the trial model is
with the χ 2 measures given by eq. (8). We construct a MCMC of 1 million steps, with an average acceptance rate of ∼ 25 percent. In order to suppress the correlation power between neighboring models in the chain, we thin the chain by a factor 100. This results in a final MCMC consisting of 10000 independent models that properly sample the full posterior distribution. The contours in Fig. 8 −0.14 ], respectively. Here the superscript and subscript indicate the 68% confidence level of each best fit parameter while others are fixed. Note however, as the satellite components are in general correlated with the central galaxy, both of which increase with the increasing of the host halo mass, currently we are not able to put tight constraints on the β (or β ′ ) parameter indeed, as indicated by the very extended 2-D confidence contours. We note, in case one get a more reliable constraint on β (or β ′ ) that significantly deviates from our best fit value, one can get the updated [α, γ] (or [α ′ , γ ′ ] ) from the 2-D confidence contour plots of the parameters.
Note that in constraining the scaling relations individual L X of X-ray clusters are not used, as they might be biased tracers of the total X-ray cluster/group population in question. Rather we use the observed number of clusters as our constraints. The best fit differential numbers of X-ray clusters are shown as the solid and dotted lines in Fig. 7 for the cases where scaling relations are based on group stellar masses and luminosities, respectively. The shaded areas represent the 68% ranges of the 10000 MCMC independent model predictions.
Thus obtained scaling relations can be used to 'predict' the X-ray luminosities of clusters. As an example, we have applied Eqs. (6) and (7) to all of our galaxy groups, and use the resulting X-ray luminosities for all groups to check possible Malmquist bias in the observed X-ray sample in Figs. 2 and 3 . In Fig. 9 , we compare the distributions of the observed X-ray clusters and the one we 'predicted' from the optical galaxy groups. The small dots in each panel show the predicted distribution of all groups. Here the scaling relations and the corresponding lognormal scatters are applied to the stellar masses (left panels) and luminosities (right panels), respectively. For comparison, in each panel, we also show using solid curves the resulting average stellar mass or luminosity in consideration as a function of log L X . It is clear that the observed X-ray clusters do suffer significantly from the Malmquist bias in the M * ,c − L X (or L c − L X ) relation, especially at the low-mass end where the overall relation is flatter than the X-ray selected groups. Contrary to the case of the M * ,c − L X relation, the predicted M st − L X relation for X-ray clusters is in good agreement with the overall distribution of all groups, suggesting that in this case our best-fit linear regression is not strongly affected by Malmquist bias.
Finally, we note that the scaling relations obtained above are based on the assumption that there are no distinct populations of X-ray luminous and underluminous groups (see e.g. Andreon & Moretti 2011) . If a significant fraction of the optical groups/clusters belonged to an X-ray underluminous population, then the scaling relations for the X-ray luminous groups/clusters would be different.
5.2.
The difference between the groups with and without strong X-ray emission In this subsection, we proceed to probe if those groups and clusters with strong X-ray emission have different galaxy populations from those without strong X-ray emission. For this purpose, we first check the distribution of X-ray clusters with respect to the survey flux limits. The left panel of Fig 10 plots the X-ray luminosities of the 201 X-ray clusters in our sample versus their redshifts. The dot-dashed and dashed lines mark roughly the two flux limits of the original X-ray samples, F X = 1.0 × 10 −12 erg cm −2 s −1 and F X = 3.0 × 10 −12 erg cm −2 s −1 , respectively. Here an average K-correction, assuming T X = 5 keV, is used to convert X-ray flux to X-ray luminosity . In order to see whether or not the groups without detected X-ray emission are indeed distinct from the X-ray clusters, we plot in the middle panel of Fig. 10 the X-ray luminosities, inferred from the scaling relations with σ set to zero 13 , for all groups in the SDSS DR7 group catalog versus the group redshifts. The groups that are linked to X-ray clusters are indicated using the same symbols as in the left panel, while other groups are shown as small dots. As an illustration, the two curves indicating the X-ray flux limits of the X-ray data are plotted as well. Because of the relatively large scatter in the scaling relation, the groups with X-ray detections do not obey these 'flux limits'. If there is zero scatter in the scaling relation, all groups above these flux-limits would be in our X-ray cluster sample, while those below it would have evaded detection. As one can see, some of our X-ray clusters have predicted L X that are below the flux limits, and so their true X-ray luminosities are significantly scattered upwards relative to the prediction. On the other hand, a large number of groups with predicted L X above the flux limits are not detected in X-rays (by ROSAT). This does not come as a surprise, as it is well known that the ob- s. X-ray luminosity distribution of groups with their X-ray luminosities predicted with the scaling relation (Eq.6) assuming zero scatter. For groups that are linked to X-ray clusters, which are shown as symbols, the distribution is quite different from that shown in the left panel. Right panel: the same as the middle panel, but here for a controlled sample of galaxy groups, constructed by matching a galaxy group without X-ray detection to the one with X-ray detection, according to its redshift and predicted X-ray luminosity L X .
served L X contains a significant amount of scatter with respect to their optical counterparts, as modelled in our full scaling relations. The main point of this exercise is to demonstrate that a large number of (massive) groups apparently have X-ray luminosities that are significantly below those of the 201 X-ray clusters in our sample, a point that has been made numerous times before (e.g., Castander et al. 1994; Lubin, Mulchaey & Postman 2004; Stanek et al. 2006; Popesso et al. 2007; Castellano et al. 2011; Balogh et al. 2011) .
To investigate the difference between the groups with and without strong X-ray emissions properly, we construct a controlled group sample to prevent (or reduce) the influence of Malmquist bias. For an X-ray cluster at redshift z, we first obtain its model X-ray luminosity L X using the scaling relation with zero scatter. We then search, among all groups without X-ray detections, the one that has the same (or similar) predicted X-ray luminosity and redshift as the X-ray cluster in question. We do this for all the X-ray clusters and produce a control sample of 201 groups without X-ray detections. Note that because of the RASS selection effects, not all the X-ray clusters are detected. And the groups not linked with known X-ray clusters are not necessary X-ray underluminous. To avoid the false search of the controlled Xray under-luminous groups, we require that each group in the controlled sample should also fulfill the following criteria: i) one can not find any X-ray sources, on the RASS map (and PSPC or HRI, if they are available), with signal-to-noise ratio S/N > 3.0 around the center of this group within a radius of 30 arcmins or the size of its r 500c whichever is larger. And ii) in the same region one can not find any cluster records in all published ROSATbased catalogue. Otherwise, we reject this group until we find the control group that fulfill those two criteria for each X-ray cluster. Since the matched pairs have similar predicted L X , their M * c + βM sat should also be similar. The right-hand panel of Fig. 10 shows the distribution of these groups (triangles) in the L X -z plane, compared to that of the X-ray clusters (other symbols).
Using this control sample, we now examine whether groups that are under-luminous in X-ray emission have a different galaxy population (in a statistical sense) from that of X-ray luminous groups of similar masses at similar redshifts. Fig. 11 shows various optical group properties as function of group mass for both the sample of X-ray clusters (filled squares) and our control sample (open circles). These include the stellar mass of the central galaxies (upper left-hand panel), the r-band luminosity of the central galaxies (upper right-hand panel), the 0.1 (g − r) color of the central galaxies (middle left-hand panel), the concentration of the central galaxies (middle right-hand panels), and the stellar mass and luminosity gaps (lower left-hand and right-hand panels, respectively). None of these reveals any indication for a significant difference between X-ray luminous and X-ray under-luminous groups.
Next, we compare the conditional luminosity functions (CLF; see Yang, Mo & van den Bosch 2003) , of the two samples. For this purpose we first divide the groups in the control sample into four mass bins (A3-D3), using the same M G bins as in A1-D1 for the X-ray cluster sample. For each of the subsamples A1-D1 and A3-D3 we determine the CLF using the same method as outlined in Yang et al. (2008) . The results are shown in Fig. 12 as symbols with error bars for A1-D1 (filled for centrals, open for satellites) and as histograms for A3-D3, where the error bars have been obtained from 200 bootstrap re-samplings of all the groups in consideration. Different panels correspond to different subsamples (different bins in halo mass, M G ), as indicated. Note that since the halo masses of the groups are estimated using M st for all member galaxies with 0.1 M r − 5 log h ≤ −19.5, as expected, the CLFs between the two samples at bright end with 0.1 M r − 5 log h ≤ −19.5 are quite similar in both the central and satellite components. However, at the fainter end, a significant difference between the two samples is apparent: the groups that are X-ray luminous on average have more satellites than groups of the same mass that are under-luminous.
The left-hand panel of Fig. 13 shows the red fractions of satellite galaxies as function of group mass, M G , for cles) strong X-ray emission. Here we have used the same criteria as in Yang et al. (2008) to separate the galaxies into red and blue populations. There is a weak indication that groups without strong X-ray emission have lower red fractions, especially at lower masses, in quantitative agreement with the findings by Popesso et al. (2007) based on a significantly smaller sample of X-ray clusters. The right-hand panel of Fig. 13 compares the line-of-sight velocity dispersion (see Y07 for the detail of this measurement) of the satellite galaxies for the two samples, as function of the group mass M G . Here we have only used groups with at least 8 members. For haloes with M G 10 13.5 h −1 M ⊙ there is no indication that σ sat is different for systems with or without strong X-ray emission. At the low mass end, however, there is a hint that groups in the X-ray under-luminous control sample have smaller values of σ sat than their X-ray luminous counterparts. However, since this is based on only a handful of clusters, larger samples are required before any definite conclusion can be reached.
Finally, we check the large scale environments of the groups in our control sample. The asterisks in Fig. 6 indicate the average galaxy surface number density within 2.5 h −1 Mpc < r p < 5 h −1 Mpc (measured using the method described in Section 4.3) as a function of group mass M G . A comparison with the X-ray clusters (solid squares) shows that there is no indication that groups or clusters that are under-luminous in X-rays reside in a different environment than their X-ray luminous counterparts of the same mass.
6. CONCLUSIONS Galaxy clusters are the largest known gravitationally bound objects. Apart from their power on the cosmological studies, one can take advantage of the crossidentification between X-ray clusters and optical groups to understand the formation and evolution of galaxies in these densest regions in the large-scale structure. In this paper, we have extracted and refined an X-ray cluster sample from the ROSAT broadband (0.1-2.4 keV) archive and matched them to the optical group catalogs constructed from the SDSS DR7. Since the galaxy groups are selected from the spectroscopic data, so that group memberships are reliable even for relatively lowmass systems, this cross-matched catalog is useful to probe galaxy formation and evolution in clusters. With this cross-identified sample, we have analyzed the optical and X-ray properties of galaxy clusters, and the correlation between them. Our main results are summarized as follows.
1. We have made an eyeball check of the central galaxies that are linked with X-ray clusters in the SDSS DR7 sky coverage. The optical groups are then linked with the X-ray clusters according to their central galaxies.
2. We have checked the general correlation between the optical and X-ray properties for all the X-ray clusters, and found that the stellar mass (or r-band luminosity) of the central galaxy is correlated with the X-ray luminosity.
3. The characteristic group stellar masses (or luminosity) used in Y07 to estimate the halo masses are also in good correlation with the X-ray luminosity to L 5. We have compared two sets of halo masses for the X-ray clusters, and found that the cluster mass M X estimated from their X-ray luminosity are in general agreement with the group mass estimated from the stellar mass, M G . Quite interestingly, the systematical difference between the two sets of halo mass can be used to make simple cosmological probes.
6. Dividing the clusters into four subsamples of different M G (or M X ), we have investigated the surface number density of galaxies in and around the X-ray clusters. We found that X-ray clusters with larger M G (or M X ) live in more dense regions and are more strongly clustered. The strength is in general agreement with the CDM halo model prediction.
7. By comparing various properties of groups that are X-ray luminous or under-luminous, we found that groups linked with the X-ray clusters tend to have more faint member satellite galaxies. The X-ray luminous groups in general have larger red fraction of satellite galaxies.
8. The last but not the least, the cross-identified Xray cluster catalog with 201+2 entries is provided in Appendix B to the public. ACKNOWLEDGEMENTS We thank the anonymous referee for helpful comments that greatly improved the presentation of this paper. This work is supported by grants from NSFC (Nos. 10821302, 10925314, 11128306, 11121062) 
APPENDIX

A. CHECK THE DUPLICATIONS AND MERGING PAIRS
From the total 206 X-ray cluster entries in the SDSS DR7 sky coverage, we checked their coordinates and found that the following X-ray cluster pairs are un-resolvable in their X-ray images. In addition, we find each of these pairs points to the same central galaxy.
• SDSS J100031.02+440843.3 and RBS 0819: Cross-identified through name RX J1000.4+4409 (or RXC J1000.5+4409).
• NGC 4325 and RX J1223.0 + 1037: The X-ray source RX J1223.0+1037 is probably associated with NGC 4325 (see Crawford et al. 1999 and the NED website for detail).
• NSCS J145254 + 164255 and Abell 1983: NED essential note shows that NSCS J145254 +164255 may be associated with Abell 1983.
The sources in each of the above pairs are closely associated, but are not treated as the same X-ray cluster in the literature. Through cross-identification with the SDSS groups, we argue that the clusters in each pair actually belong to the same cluster. To avoid double counting, we remove the less massive cluster in each pair from our sample.
Once X-ray clusters are linked to central galaxies, it is straightforward to obtain their group counterparts according to the central galaxies. In most cases one X-ray cluster is associated with one optical group. However, the following two close X-ray cluster pairs share the same optical groups. The broadband X-ray images do show that sources in each of these 2 pairs are definitely separated and resolvable. We think the two pairs are merging clusters, and only keep the bigger one in each pair for our investigations. However, for completeness, the two less massive clusters are also included in our Appendix B.
• NSCS J145254 + 164255 and IC 4516: NED essential note shows that NSCS J145254+164255 may be as (19) 
